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<ifi HIGH TEMPERATURE HEAT TREATMENT 
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S3 C DOPtNG XYGEN W ' , '"-SlSJSS3f 

S4^(1) HIGH TEMPERATURE HEAT TREATMENT (DZ S8.. .SHIPPING OF PRODUCT 

LAYER FORMING HEAT TREATMENT) , Q g x1o18 atoms/cm 3 OR M0 RE 
(2) N2 + 02 ANNEALING , , 

3 HYDROGEN ANEALING H..-OI: 12 x 10 atoms/cm 3 OR MORE 

(4) Ar ANNEALING III...100 QcmOR MORE 

SS LOW TEMPERATURE HEAT TREATMENT (BMD IV...14 *10 17 atoms/cm 3 OR MORE 
NUCLEI FORMING HEAT TREATMENT) 

gettering capability, mechanical strength and economy, and 



(57) Abstract: A high resistance 
silicon wafer which has a resistivity 
of 100 Q or more, contains oxygen 
precipitates (BMD) having a size 
of 0.2 H m or more formed in the 
inside thereof in a high density of 
1 x io 4 pieces/cm 2 or more, and has 
an oxygen concentration of 12 * 1 0 17 
atoms/cm 3 or less (ASTM F-121, 
1979) and a carbon concentration 
of 0.5 *10 16 atoms/cm } or more; 
and a method for producing the 
silicon wafer which comprises 
subjecting a high resistance, high 
oxygen concentration silicon wafer 
doped with carbon having the above 
resistivity, an oxygen concentration 
of 14 xlO 17 atoms/cm 3 or more 
(ASTM F-121, 1979) and the 
above carbon concentration, in a 
non-oxidizing gas atmosphere, to 
an oxygen precipitation nucleus 
forming heat treatment at 500 to 
900°C for five hours or more and 
further to an oxygen precipitate 
growing heat treatment at 950 to 
1050°C for ten hours or more, 
to thereby reduce the oxygen 
concentration in the wafer to the 
above level. The high resistance 
silicon wafer is excellent in 
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©*fttt2. T7Xl0 5 i/cm\ 0. 2 /i miM XJBLkoMttr 
tB#l (BMD) Offiftttlx 1 0 3 <©/cm 2 OTtr^ofCo 

»^SiW^ 4 5 O'C&tf 5 0 O^ttP^&n^ 
©K«*<Ji&nfc- *n^T.. 0. 2 M m*>f XBLhoMWfHJ* (B M 
D) 1 0 3 4i/cm 2 P^5^ 

25 ^HtldSLl.^ 



2 1 



WO 03/092065 



PCT/JP03/04866 





tg-tnl^ (£2 * cm) 


f 




7 4 7. 3 


P 


350 °C/lh i&^S^ 


9 2 6.0 


P 


400 °C/lh HMSt 


2 3 0 0 


P 


450 °C/lh iMit 


1 4 7 




500 °C/lh ^Mlt 


14. 4 


n S> .^RIE 



10 O&gtW 3 ) 

oBt# K :h-m***w**T^ ***** 1,sflc ^ *** 

KCASTM F-121, 1 9 7 9) **TXlO-atoms/c 

1 0 0 0 c 

Mlft, )ttW|liHtWx-^l=m*«r own in 



WO 03/092065 PCT/JP03/04866 

grown— in 

m. 3 



10 





(Q - cm) 




t£ L 


17 5. 5 


P 


.350 °C/lh iS^Ii 


17 8 


P . 


400 °C/lh MIt 


17 8 


P 


450 °C/lh iMlt 


17 6 


P 


500 °C/lh ifel^ 


1 8 0 


P 



#rfcb#J (BMD) ^«£n^o/c^*6. y y * U < 
15 grown-in»W3. 1 5 x 1 0 5 <®/ c m 3 

tiftB^ (bmd) fimm$fttefr-?frt^ ^^y>m^<«» 

20 t*tt^. grown-in^»0*JtB3. 1 5 x 1 0 5 «/ c m 3 

(JfcttBI 4 ) 

"airffj«'>u 3>*JMK>=f* b^e^ttsu e 5 o°cx 3 o# 

K ^ — 'M£f$t$M -ofr^ 5 0 Q cmtN KM 

25 ^(ASTM F- 1 2 1, 1 9 7 9 ) *<» 1 5 x 1 0 1 7 a t 6 m s / 

2 3 



WO 03/092065 



PCT/JP03/04866 



tix&m (bmd) <Dmm*fflfeirz>t&K^ 350-500^x1^ 

^^I^MJilu©^ r >^~^ N ^^ >l '^^WJ 1 i|nl^©g r own - i 
^ 4 



15 



BMD 


^ # IK 

m m m 

(xiO 17 
atoms/cm') 




(Q • cm) 




(xiO 5 
cm *) 


ft L 






747.3 


P 




ab t> 


4. 16—4. 80 


350 vm mm® 


1050-1169 


P 


3. 9 —7. 1 


* 19 


4. 16—4. 80 


400 °c/ih mm® 


924-1072 


P 


3. 9 -7. 1 


* t) 


4. 16—4. 80 


450 °C/lh IMS'^ 


917-1067 


P 


3. 9 -7. 1 


£> t) 


4. 16—4. 80 


500 °C/lh 


1061-1193 


P 


3. 9 -7. 1 



20 CtmJn^-N 0. 2 MmlMXBLt©m^rOT3 (BMD) © 

^fi^ 3. 9 — 7. 1X10 8 m/ cm 2 t& < . -h£tt$S * U >^ 
t&W*#$*l*o grown-in»Mi2. 7 7x10 

8 m/ cm 8 -e^ofco LfrU j&^a&®£#a**xwMc*fLT. 
RTAiM^Tl 1 5 0°Cx 3 Og^fcfiU-h 7 0 °C/ s e c© 

25 ADE 9 6 0 0 (B*A D EM) iC «t 0 *x— " 

2 4 



PCT/JP03/04866 

WO 03/092065 

^.JHVWWV^ 6 5 0<CX 3 0# 

0-a . ^-ffl***.*?^ ***** 100 1 5 0 0 £2 c m 

0 » a t o m s / c m» <D 8 >f .fp«W*-^^ 



0 



10 



15 



20 



2 5 



WO 03/092065 



PCT/JP03/04866 



. fio^S^rfcB^ (BMD) &*x--^mm^%m}X^tet>^tzZ 

&©3£^iy§l£tU a^^^^^i-li^^^^^^^o grow 
n- i nXm<Dmmtm^ x 1 0 6 4®/ cm 3 T?&ofc 0 
10 ^5 



20 



(X 10 1 ' atoms/cm 3 ) 


( X 10 l 'atoras/cm') 


B MD^£ 
(/cm') 


DZfg 
( im m) 




13.8 


11.8 


1. 9 e 6 


1 7 


2 6 B#Pb1 


1 4, 6 


1 2. 4 


2. 1 e 6 


1 3 


2 6B#ftS 


15.1 


7 . 4 


6. 9 e 6 


9 


13^3 0^ 


11.7 


2. 4 e 6 


1 5 


7!*§re 1 5# 


1 5. 7 


7 . 1 


7 e 6 


8 


1 3 TO 3 0 Qt 


1 1 


2. 5 e 6 


1 3 


7 Btn 1 5 % 


16.2 


7 . 5 


7 . 1 e 6 


7 


9 B#K 2 0 & 


1 1. 2 


2 . 6 e 6 


9 




16.8 


8. 1 


7 e 6 


7 


7 PtRB 1 5 # 


1 1. 6 


2. 9 e 6 


1 0 


5^10^ 



(Hsttfll 6 ) 

25 S/yayJMSa^v:** hfr&SJ&fcHU 6 5 0lDX30^O»*K 

^-**JIMM*ff o ^ Sin*****) 1 0 0 ~ 1 3 0 0 £2 c mt% 



WO 03/092065 



PCT/JP03/04866 



mm (ASTM F- 1 2 1, 1 9 7 9)^13~17xl0"at 
oms/cm 8 (Dmmfc&ZHkm (A~G) ©8^VfpMW^ 

X^fflM 10 0: tl^/X3©») 

4 5 (PCX lB#P B 1©^-^;l/K^-^«MO^^--^®t£trL^ 
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